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Disclosed are chemical agents with unexpected activity to inhibit the interactions between human immunoglobulin E (IgE) and its 
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Inhibition of the Binding of Human IgE to Its Receptor by Tetracyclic Compounds for the 
Alleviation of IgE-Mediated Immune Response 

Background of the Invention 

Some allergic individuals produce antibodies from a particular class of immunoglobulin 
called IgE against harmless allergens (Shearer, W. T. and Huston, D. P., Allergy, Principles and 
Practice, 1: 15-17, 1993.) Most of the allergic reaction is the result of the interactions between 

5 IgE, the corresponding allergen that this particular IgE is specific for, and the high affinity IgE 
receptor, FceRI. FceRI is expressed at the surface of basophils in the blood and mast cells in solid 
tissues (Adamczewski, M. and Kinet, J-P, Chemical Immunology, 59:173-190, 1994.) When an 
allergen interacts with its specific IgE already bound to FceRI on a cell, the cell is activated. This 
activation results in the production and release by the cell of allergy mediators, such as histamine, 

10 serotonin, lipid mediators. The mechanism is responsible for a variety of clinical syndromes, 
including allergic rhinitis, asthma, atopic dermatitis, anaphylactic shock. 

FceRI is a tetrameric receptor composed of an IgE-binding a chain, a (3 chain and a dimer 
of y chains (Adamczewski, M. and Kinet, J-P, Chemical Immunology, 59:173-190, 1994). Both 
the (i and y chains are responsible for generating cell-activating signals when an allergen binds to a 

15 receptor-bound IgE molecule (Scharenberg and Kinet, Human Basophils and Mast Cells: 

Biological Aspects, 61:72-87, 1995). The IgE binding site is located in the extracellular portion 
of the a chain (Hakimi et al, J. Biol. Chem., 265:3822079-22081, 1990, Blank et al., J. Biol. 
Chem. 266:2639-2646, 1991), as shown by the binding of IgE to the soluble form of the a chain, 
termed herein FceRI a, comprising only its extracellular portion made by genetic engineering, 

20 with the same characteristics as the tetrameric FceRI. 

IgE-mediated reactions are responsible for many allergic diseases, such as rhinitis (hay 
lever), asthma, urticaria, and atopic dermatitis. Intervention at the level of IgE and FceRI 
interaction may prevent the IgE mediated immune responses that lead to allergic disorders. 
Previously, other investigators have tried to produce competitive inhibitors using IgE peptide 
25 analogs (Noriki, et al., FEBS Let., 319: 225-228, 1993). For example, human soluble FceRI a- 
chain inhibited human IgE binding to FceRI on Chinese hamster ovary cells and blocked passive 
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cutaneous anaphylaxis reaction in vivo (Haak-Frendscho, et al., J. Immunol., 151: 351-358, 
1993). However, peptides and proteins generally are difficult to be formulated into drugs because 
of their unfavorable bioavailability. Anti-IgE antibodies have been used to remove IgE from 
circulation for the treatment of IgE mediated allergies (Chang, et al., BioTechnology, 8: 122-126, 

5 1990). Although antibodies have longer half-lives than proteins, they will elicit immunologic 
responses, require intravenous injection, and they are expensive to manufacture. The third option 
to inhibit IgE mediated immune responses would be to use small chemical inhibitors that can 
block the interaction between IgE and FceRI. 

It is the object of this invention to provide chemical compositions for antagonizing the 

10 interaction between IgE and FceRL It is another object of this invention to provide a method for 
antagonizing the interaction between IgE and FceRI in which the antagonization is effective to 
prevent IgE-mediated response, is effective to inhibit mediator release from cells, and is effective 
to block the anaphylactic reaction in vivo. It is still another object of the invention, to provide an 
in vitro diagnostic for measuring antibodies against FceRI. 


f 
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Summary of the Invention 

A class of compounds having a tetracyclic skeleton have been discovered to antagonize 
the interaction between immunoglobulin E ("IgE") and its high affinity receptor ("FceRI"). The 
compounds also have been discovered to be therapeutically useful in alleviating IgE-mediated 
5 immune response to an allergen that leads to cellular release of allergy mediators, such as 
histamine, and in alleviating anaphylactic reactions in vivo. 

In one aspect, the invention is embodied as a composition for antagonizing the interaction 
between IgE and FceRI. The composition comprises a pharmaceutical^ acceptable carrier for 
oral, parenteral or topical application, and a IgE antagonizing amount of a compound having the 
10 following formula: 



The atom or group represented by each of R l , R 2 , R 3 , R\ R 5 , and R 6 is the same or different and 
is independently hydrogen, hydroxyl, nitro, cyano, isothiocyano, a halogen, a sulfo group, a 
phospho group, an alkyl group having 1 to 6 carbon atoms, an allyl group, an alkoxy group 

15 having 1 to 6 carbon atoms, an aryl group, a heteroaryl group, an alkylary] group, an allylaryl 
group, an alkoxycarbonyl group having 1 to 6 carbon atoms, a carboxy group, an alkylcarbonyl 
group having 1 to 6 carbon atoms or where appropriate, salts thereof. The atom or group 
represented by each of R l , R 2 , R 3 , R 4 , R 5 and R 6 also independently can be an aminocarbonyl 
group, an alkyiaminocarbonyl group having 1 to 6 carbon atoms, an aryl aminocarbonyl group, a 

20 heteroarylaminocarbonyl group, an acylamino group, an alkylamino group having 1 to 6 carbon 
atoms, a dialkylamino group, an arylamino group, an alkylurea group having 1 to 6 carbon atoms, 
an arylurea group, an alkylsulfonyl group having 1 to 6 carbons atoms, an arylsulfonyl group, an 
alkylsulfonylamino group having I to 6 carbon atoms, an arylsulfonylamino group, or where 
appropriate, salts thereof. 

25 The atom or group represent by R 7 is hydrogen, a pharmaceutical^ acceptable metal ion, 

an arylcarbonyl group or an alkylcarbonyl group having 1 to 6 carbon atoms. The variable X is 
oxygen, sulfur or a secondary or tertiary nitrogen moiety having the formula NR 9 , where R 9 is 
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hydrogen or an alkyl group having 1 to 6 carbon atoms. The group represented by is an aryl 
group or a heteroaryl group thereby providing the fourth ring of the tetracyclic skeleton of the 
compound. As used herein, the term "tetracyclic compound" generally refers to compounds of 
this invention. 

The members of the above described class of compounds antagonize the binding of IgE to 
FceRI. As used herein, "antagonize" means to reduce, inhibit, or block the binding of IgE to its 
binding site upon the IgE receptor, FceRI. The disclosure herein teaches those of ordinary skill in 
the art how to identify various individual compounds which effectively antagonize the IgE/FceRI 
interaction sufficient to have significant therapeutic or diagnostic utility. The disclosure provided 
herein also teaches how to use compositions having activity that antagonizes the interaction 
between IgE and FceRI. 

In preferred embodiments of the tetracyclic compound, the variable X is oxygen. The 
atom or group represented by R 1 and R 6 is hydrogen and the atom or group represented by R 1 , 
R\ R 4 , and R 5 is hydrogen, hydroxyl, nitro, cyano or a halogen such as fluorine, chlorine, bromine 
or iodine. In other preferred embodiments, the atom represented by R 7 is hydrogen or a 
pharmaceutically acceptable metal ion. 

In one preferred embodiment, the group represented by R 8 has the formula: 

R 12 

R 1 ^ .R r ' 



The atom or group represented by each of R 10 , R 1 R'\ R' 5 and R u is the same or different and is 
independently hydrogen, hydroxyl, nitro, cyano, isothiocyano, a halogen, an alkyl group having 1 
to 6 carbon atoms, an allyl group, an alkoxycarbonyl group having 1 to 6 carbon atoms, an 
aryloxycarbonyl group, a carboxy group, a sulfo group, a phospho group, or where appropriate, 
. salts thereof. The atom or group represented by each of R 10 , R", R 12 , R 1 ' and R 1J also 
independently can be an alkylcarbonyl group having 1 to 6 carbon atoms, an arylcarbonyl group, 
an alkylsulfonyl group having 1 to 6 carbon atoms, an arylsulfonyl group, a sulfamoyl group, an 
alkylsulfamoyl group having 1 to 6 carbon atoms, an arylsulfamoyl group, an acylamino group 
having 1 to 6 carbon atoms or where appropriate, salts thereof. 
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In more preferred embodiments, the atom or group represented by R>« is a carboxylic acid 
a carboxylic ester or a pharmaceutically acceptable salt thereof. The entity R'° can be represented 
by the formula -C0 2 R" Accordingly, R- is hydrogen, a linear or branched alkyl gr0U p an aryl 
group, a heteroaryl group or a pharmaceutically acceptable metal ion. In another more preferred 
embodiment, the atom or group represented by R", r» r» and R 14 is independently hydrogen- 
isothiocyano, a haJogen, a carboxylic ester, a carboxylic acid or pharmaceutically acceptable sales 
thereof. 

In another more preferred embodiment, the variables R' and R 5 are the same and R 3 and 
R 4 are the same. In yet another preferred embodiment, the variables R 1 , R-\ R< and R * ^ aJ , ^ 
sam* Other more preferred embodiments have the atom or group represented by R 1 r» r<3 
and R M independently being hydrogen or a halogen. 

More preferred embodiments of the invention have the following formulae: 
CI 

Ck A XI 



NaO 


Compound 1 



Compound 2 



C0 2 CH 2 CH 3 
Br 


NaO y o" y 
Br Br 
Compound 3 



C0 2 CH 2 CH 3 
Br 


KO' ~0' y 

Br Br 
Compound 4 
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CI 


11 



11 

cr 


^C0 2 H 




OH 


OH 


Compound 6 



Br Br 

Compound 7 


and 


-o" y 

OH OH 

Compound 8 


I. another purred embodiment, me group represented by R« has the formula: 

R 12 



The atom or group represented by each of R", R'\ R' J «d R M * -me or afferent and rs 
independent hydrogen, hydroxyl. niuo. cyano. isothiocyano, a halogen, an alky! group havtng 1 
to 6 carbon atoms, an allyl group, an alkoxycarbonyl group having 1 to 6 carbon atoms, an 
arylosycarbony. group, a carboxy group, a sulfo group, a phospho group, an alkylcarbony, group 
ha ,i„. 1 to 6 carbon atoms, an arylcarbony! group or where appropriate, salts thereof. The atom 
or nl represented by each of R". R». R» * R» *. independently can be an alkylsuHonyl 
g Jup having 1 to 6 carbon atoms, an arylsulfonyl group, a sulfatnoyl group, an aikylsulfamoyl 
group having 1 to 6 carbon atoms, an arylsulfamoyl group, an acylamino group having 1 to 6 
carbon atoms or where appropriate, salts thereof. 

to more preferred embodiments, the atom or group represented by R", R'\ R" and R» ,s 
independently hydrogen, a halogen, . earboxylic e St e, a carboxy.ic acd or a pharmaceutical* 
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acceptable salt thereof, in another more preferred embodiment, the atom or group represented by 
R 1 ' or R'« is the group -C0 2 R 15 where R 15 represents hydrogen, a linear or branched alkyl group, 
an aryl group, a heteroaryl group or a pharmaceutical^ acceptable metal ion. 

More preferred embodiments of the invention have the following formulae: 


H 3 CH 2 CH2CH 2 C02 




NaO Y O NaO 

and 

Com P° Und9 Compound 10 ' 

In another aspect, the invention provides a method of antagonizing the interaction 
between IgE and FceRI on a cell surface. The method comprises the step of contacting the cell 
with an IgE antagonizing amount of a compound having a tetracyclic skeleton of the formulae 
described above. More preferred compounds are designated as Compounds 1-8 described above. 

In one preferred embodiment, the cell is within a mammal and the tetracyclic compound is 
administered to a mammal. In another preferred embodiment, the administration of the tetracyclic 
compound to a mammal is effective to alleviate the anaphylactic reactions. In another preferred 
embodiment, the administration of the tetracyclic compound is effective to inhibit the release of at 
least one allergy mediator from cells. In each of Lhe.se embodiments, the tetracyclic compound 
may be administered topically, parenterally or orally. 

As used herein, "alleviate" means to reduce the symptoms of a reaction or to otherwise 
inhibit or decrease a reaction. 

In another embodiment, the tetracyclic compound is used in an in vitro diagnostic to 
measure antibodies against FceRI a (anti-FceRI a), for example in a fluid sample. Generally, the 
method includes measuring the quantity of anti-FceRI a by mixing a fluid sample with a quantity 
of the receptor, FceRI a, in the presence and absence of a tetracyclic compound, and measuring 
the quantity of anti-FceRI a using a labelled antibody which specifically binds to a human Fc 
region. A comparison of the amount of anti-FceRI a antibody found in the presence and absence 
of a tetracyclic compound is indicative of the quantity of anti-FceRI a antibody in the sample. 
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Description of the Preferred Embodiments 

Antagonizing the interaction between IgE and its high affinity receptor FceRI would likely 
aid in reducing the allergic response in individuals sensitive to various allergens. Peptide analogs 
of IgE and7or anti-IgE antibodies can be used to inhibit interaction between IgE and FceRI. 
5 Alternatively chemical molecules which antagonize the interaction between IgE and FceRI can be 
identified. 

It has been discovered that a class of compounds having a tetracyclic skeleton can 
antagonize the interaction between IgE and FceRI. Thus, these tetracyclic compounds may be 
effective to alleviate the IgE-mediated immune responses leading to allergic symptoms. As used 
10 herein, the term "tetracyclic compound" generally refers to the tetracyclic compounds of this 
invention. The specific compounds useful to antagonize the interaction between IgE and FceRI 
are described in more detail below. 

Pre paration of Tetracyclic C ompounds 

The tetracyclic compounds of- this invention have the general formula: 

R6 R8 R 2 

R7 R 3 

15 

The atom or group represented by each of R 1 , R\ R\ R\ R 5 . and R 6 is the same or different and 
is independently hydrogen, hydroxy!, nitro, cyano, isothiocyano, a halogen, a sulfo group, a 
phospho group, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon 
atoms, an allyl group, an aryl group, a heteroaryl group, an alkylaryl group, an alkylheteroaryl 
,0 group, an allylaryl group, an aikoxycarbonyl group having 1 to 6 carbon atoms, a carboxy group, 
an alkylcarbonyl group having I to 6 carbon atoms, an arylcarbonyl group or where appropriate, 
salts thereof. 

The atom or group represented by each of R 1 , R 2 . R\ R 4 . R 5 . and R fi also independently 
can be an aminocarbonyl group, an alkylaminocarbonyl group having 1 to 6 carbon atoms, an 
2 , arylaminocarbonyl group, a heteroarylaminocarbonyl group, an acylamino group, an alkylamino 


20 


25 
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group havmg , .o6carbon a ,oms,adi a „ ! y, am i r , ogroup a „ ary , 

-mg 1 to 6 cart .„ n atoms , a „ ary|urca group ^ whOT Jk JM» ^ group 

In addition, Ihe atom or group represented by each of R 1 , R J , R 3 r 4 rs andR 6 
mdepe„de„„ y canbea„a,M S ulfon y , gro up„avi„ gIto6carbtl „ saloni ; ' * 

appropriate, salts thereof. " group or where 

The atoms and groups described above are , ypicaI substituents for molecules h»- 

fluonne, chlorine, bromine and iodine. Alky, groups havil!g , „ 6 J™ * 

> branched «Ucyl nouns that ° ° car °ons atoms are Itnear or 

yl groups that are read, ly known to those stilled in the m , Mora 

groups mclude, bu, are no, limited to, meth y l, ethyl. n-pr„ pyl , , sopropyl , „. bwy J^T 

T? LileWiS£ ' SUbSliMMS *» — ^ — -* as an al ta y ro p ^ 
above descrtbed embodiment. That is, preferred embodiment for alkoxy g r ps i ^ 

Aryl groups should be understood to encompass a „ aromatic ring structure with w 

^ Heteroa.1 S rou P s refers to ,e bas.c atomic ring suture with one or » 
a*o„ rtng atoms replaced with one or more hetero a tom, If two or more heteroatoms ar 
contame ,„ one group , lhe ha _ ^ be = 

******* on the heteroatyl group can result m structures having m„l,i p ,e ri s The preferred 
atyl group is a P he„ yl group. The preferred heteroa^l group is pwidine Sin.! i u 

above described embodiments. P. include the 

The atom or group represent by R' is nvdrogen, a pharmaceutical acceptable meta, ion 

^^^Por M ^ yl4TOpta>i0glB<clltaiaoiiB ; 

or the tetracyclic compound can be used. Examples of DreferreH nh„ 

copies or preferred pharmaceutical^ acceptable salts 
include, amongst others, lithium, sodium and potassium. 
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^ variable X U o*yg*, sulfur or a secondary or tertiary nitrogen having the 

fonnulaN R» „ hs reR'ishyd,o EM or a na lk ,lgro U phav i n g no6carbo n a t oms.. ..more 
formula NK , wn represented by R is 

the four rings of the compounds of this invention become evident, 
referred embo^ 

R and R B emb odiment S , the atom represented by R 

hydroxyl, nitro, cyano or a halogen. In other preie 
is hydrogen or a pharmaceutical* acceptable metal ion. 

m one preferred embodiment, the group represented by R 8 has the formula: 

R 12 

u t v> >° p 1 1 P 12 R 1J and R M is the same or different and is 
The atom or group repressed by each of R R . ■ ^ ^ ^ 

independently hydros, a haioger, an *W >^ group, an al.ylheteroaryl group, an 

» arylsulfamoy> group, an acyiamino group havmg no 6 carbon atom 

thereof. . , 

In m0 re preferred — « *» -» °< ^ * * * * t» / 

narmaceutically acceptable salt thereof. As such, the ent.t, R can be 
. carboxyhc ester or a «»--^^J^ R „ „ hydroge , a linEaI or branched alM 
.presented by the formula -CO* . ^ ^ toeroaiy , groyp , „ altylhtteroaiyl 

25 group, an allyl group, an aryl group, an al*yl*y g P ^ 
group, an allylaryl group or a pha^aceuucally acceptable metal ,o„. 
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embodiment, the atom or group represented by R» \ R ", R » and R u js independemly ^ 
halogen, a carboxylic ester, a carboxylic acid or pharmaceutically acceptable salts thereof. 

In another more preferred embodiment, the variables R' and R' are the same and R 3 and 
R are the same. In yet another preferred embodiment, the variables R 1 , R 3 , R 4 and R* axe all the 
same. Other more preferred embodiments have the atom or group represented by R», R » R i3 
and R 14 independently being hydrogen or a halogen. 

More preferred embodiments of the invention have the following formulae: 
CI 




Compound 1 


CI 

/CI 



V C0 2 CH 2 CH 

Br 


Br 


NaO' 


CI 





C0 2 Na 

0 

0 


Compound 2 



C0 2 CH 2 CH 3 
Br 


Compound 3 


Br Br 

Compound 4 


NaO 



Ck 

CI 

cr 

1 



OH 

^0' 


OH 


Compound 6 
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Br Br 
Compound 7 


and 


OH OH 

Compound 8 


Other more preferred embodiments of this invention include, but are not limited to, 
compounds having the following formulae: 



NaO' O y *° 

Br Br 
Compound 1 1 


C0 2 Na 



NaO' 


Compound 12 


NaO' 




OH OH 
Compound 13 


NaO' y "O- J 'O 
N0 2 N0 2 
Compound 14 



C0 2 CH 3 
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C0 2 Na 


NaO 



O NaO 


and 



C0 2 CH 2 CH 2 CH 3 
CI 


Compound 17 
In another preferred embodiment, the 


CI CI 
Compound 18 


group represented by R 8 has the formula: 

R12 


5 The atom or group represented by each of R", R » R » and R u - 

independently hydro**, a h,> , 15 the s ^e or different and is 

ntly hydrogen, a halogen, an alkvl group having 1 to 6 carbon atoms an allvl „ o 
«* group, an aUcylaryl group , an a]]yJaryl , tf 

10 arylcarbonyl group, an alkylsulfony] -roun havinc 1 m r k 

grouP . an a , kylsulfamov r„ h ; c ; atoms - an a * u *° nyi «-* ■ 

. " ^ m S J [ o o carbon atoms an n^icnifo i 
In more preferred embodiments, the atom or group represented by R" R » R „ a ndR „. 

*ylbe.e ro . ylgroupoi ,, pharraaceulica|lyaccepiab|eme[a| . o[i O 

More preferred embod.ments of the invention have the foiiowmg forrnula ,. 


10 
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HaCHsCHzCHaCOz 1 


NaO 



PCT/US97/06636 « r< 


,C0 2 Na 


NaO 



. Compound 10 

Compound 9 . 

suppte s or can be synrhesized using s.a*dard syn.he.ic .echni,ues. Specific derives of 
Cic compounds can be prepay — » chemicai syndesis me.hods known ,„ * * 
tetracyclic wm\> ,,,„ n1 ,c f 1014V Tanaka, BuJlOieiiL 

See, for example, Omdorff et al., LAnSLCto^ 36.680-725 ( 914) 

3:288-289 (1928); Lamberts, et al.. L^r^n^. 105:7465-746 (1983), 
T u . 4vm 4507-4512 (1987). These publications are herein 
Zakrzewski et al., Tetrahedron, 43(20). -wm 

incorporated by reference. 

Amongs. .he various syn.he.ic pa.hways .o .he ^acyclic compounds, a preferred 
mel involves *. co„densa.ion of a resorcinoi more, and a ph.hahc acd more,. 
■ „ deriva.ives .hereof are commercial avaiiable or can be synfhesued usmg 

::o~r::;:^,— — 

produces a compound having the formula: 

CI 

CU >L .CI 



15 


HO' ^ O 

Compound 19 


• rnv u conducted at high temperature in the presence of a Lewis 
ThK condensation reaction typically is conductea ai m 5 v 


20 


conditions 
art. 


and reagents are provided in the chemical literature or are 


known to those skilled in the 


s 

ents 


WO 97/40033 

PCT/US97/06636 

-15- 

of techniques. A specific examnl. «f ^acyclic framework by a variety 

—ae ( CI, in yC ' iC " "'^ * "* " 

1 J ' n P artlcula r. treatment of Compound 19 with rn in . 

P^ces, after . compound of fc formu J 

CI 

II ' 


NaO 



i 

Compound 2 

5 rrrzir'T"- --sees. 

.his includ z zzT c :r aiins carboxync ss,er - ^ *« « <■ 

alkylaryl erouD and m a ii„in« . , y grou P- an 

y c oup and an allylary] group also are included amongst the carhowr 
of this invention Other «n m „. * , ^boxyhc ester compounds 

on- Other examples of preferred esters include, amongst other, h- - 
cinnamyl esters. <™°n a st others, benzyl ester and 

» *. will be appreciated tha , [elracydic ^ ^ 

compounds having the general forrnu , a . M ' r0m s ""° 
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15 


20 


• « r« R 14 are as previously described. The variable represented by Y can be a carbonyl 
TnevanattesR-R areaspre y Qf a phospho derivati ve (0=P- 

group(C=0),asulfox 1 degroup(S=0),asultonegro P v 

>«a K,, R 16 tvoicallv is the same as that tor K . 
O") The atom or group represented by R typically 

Sp iro compounds of tne above genera, formula typtcaUy are »ble a,,o» pH. When in a 
sota tio„ Lin, a near neutral pH or above, the Ave— spiro compound w,„ ope o 
soluttonna g if the variable Y is a carbonyl group, the five-membered 

Efficac^LRgsuUs 

Th e ambers of .he above described Cass of —as ^ ^^J 
FceW As use, herein, •'antagon.e" meaas ,o reduce, inhibit, or bloc, the bmdmg o, IgE Co 

the I.B receptor Ml The disclosure herein teaches those of ordmary <k.ll m 
binding sue upon the IgE recepton ^ lhe IgE/FceRJ 

interaction antagonizes the interaction 

herein also teaches how to use compositions having y 

between IgE and FceRI. 

A therapeutically effects amount of a compound of this mvention is an amount of the 
A therapeutical y $ ^ ^ ^ ^ 

^dividual agent of the class of subs ^ ^ ^ ^ 

te ired clinical endpoint, for exampl bio* , J ^ ^ ^ 

individual compound. In general, tne oob 
lg per adult per administration. 
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Compounds which m parliailarly cf[ 

co mp o und sufficiMt „ * «-» of the 

Further, the effective amounts of the ,«„■„, ,- ymr "° ms t0 be '""ed. 

0 ^h, of thes„ bj ec, 7 ^ » * «• - 

pound such that the interact,on between IgE and FceRT jc ant 
normal duration of theraov n*, antagomzed over the 

•i cnerapy. The amount to be administered win ^ A 
chemical characteristics of rh, ■ „■ ■„ , mmstered WJ " depend upon the physical- 

ractensncs of the mdmdual compounds, the route of administration rh 
bioavailability of the asenrs hv rh* u ™nistration, the 

y agents by the chosen route, and the potency of the inHivin , 
antagonize the interaction between IgE and FcsRl The co ^ * 

administered should be in a ran.e, fr C0 — tration of tetracyclic compound 

De ln a rdn § e sufficjent to permit ready aDolicati™ „ ftK , 
amount which delivers the de^H , a PPhcation of the formulation in an 

ers the desired amount of tetracyclic compound . In general rh„ h 
reasonably would be expected to range from , mg to l g per adult hum! 
systemic use. " 8 P 1 human P er administration for 

In the preferred embodiments of each aspect of thence 

***** c, r ief , s ,„ K „ dcd to ^ ^ „ f ^ o ^~* 

-cyciic co mpou » d a „ d W hich a„ows the contend ,„ perform "« 
antagonizing th e imeracIionbe[wee ™ "tended func,™ „ r 

t ; ,eCKd f ™ — « etnuiston-s^ion tase an c ^ 
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f rL used for the preparation of tetracyclic compounds. Typical* these salts are 

te used to preparation of the compounds for oral ingestion. 

The term ^subject" is intended Co include a„ mammals, such as humans, dogs. cars, horses, 
cows, goats, rats and mice. 

rt f TcrP and FceRI can be readily identified 
Compounds which antagonize the mteracUon of IgE and FceRl 

usingiheassaysdesCed^. ^^^^Z^ 

are identified by the protein-based binding assay may 

A protein-based in as,ay was deveioped to screen for compounds which « -* 

, E and FceRI This assay used human IgE and soiuble FceRI a proteins 
paction between IgE an Fc *L T ^ ^ ^ ^ _ 

liaJlgL-ascaptur^bytheFcem.in.hcweiis.lnthedetectionstep.bound 
^1 I E was q uandtated by the addition of avidin-horseradish peroxidase and a 

Astral For the screening of antagonists, the l g E and FcsK, binding assay was 
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thousand of compounds fromatiiversifcdchemica, ljbmy Severa , compounds 

class of , acyclic compounds were d ,scoverc d t „ imbit tne lnKractio „ ^ ' ^ 

a w„h a concent that inhibils 50% of the ^ ^ ^ ^ ^ ^ s 

Furore, these compounds were shown to inhibit IgE and Fcm „ ^ 
> based binding assay. 

Preparation anH P..nfl^ ntion nf Wnman TfT p 

To provide , gE for the EUSA, a recombinant Ig E DNA construe, was buil, by ,ig a ,i„ 8 a 
mouse heavy chain variable region, Vh, g ene fragment ,o a human , gE heavy chain Ce T Ws 
construe, was then transfer into the U 8 h, chain producing my e,oma J558L (Schw^baum e, 
a^Eur. ..mrnuno.., 198*, 19:I 0i5-1023,. The transfer cells produce IgE with a hi g her' 
affnuy for (4-hydrox y -3-iodo-5-„i,rophe»y,) acetic acid (NIP) ,ha„ for (4-h y droxy-3-„ it rophe„yn 
ac«,c ac, d (NP), and the recombinant Ig E was purified usin 8 this property in the lowing C 

Th£ 8roWth ™*» *» the above .ransfected cell culture was concentrated 

3W 0 tunes by membrane filtration (Kltro, Northboro. MA, and passed through a co,„m„ of 
(Ge " OSyS ^-bovine serum albutrun (BSA) sep,^ The bound IgE 

was subsequent,, elu.ed from NIP-BSA sepharose us,„ g 5 M Mgd, The eluate was then 
^ ■„ phosphate buffered saline (PBS,. The mtegrity of the punfied IgE was analyzed by 
SDS-polyacrylamide gel electrophoresis. 

Preparation and PMrif>nrj on of Fr.-FrrRi 

To provide soluble FceR, a pr„,ei„ for ELISA, a DNA construct was made ,o produce 
soluble FceR, „ as a protein fused to the Fc regton of the human .mmunoglobulm G heavy chain 
The protem produc, of this construct will be termed Fc-FceRIa. The construction of the 
express™ vector and the production of the fusion protein, termed an immunofusin were 
previous* described in Lo et a,., US Patent Application Se, No. 08/305.700, herein incorporated 
by reference. K 

The culture media ofthe cells producing Fc-FceRI a fusion prote.n was collected and 
passed through a Protein A Sepharose colur™ (Repligen, Cambridge, MA,. The bound fus.on 
protein was eiuted from the Protein A Sepharose in .00 mM sodium citrate buffer (pH 4 0, and 


WO 97/40033 


PCTAJS97/06636 


20- 


10 


mediately ***** <» of >M ^-hydrochloride. pH , The integnty of the 

purified protein was analyzed by SDS-po.yacrylamide gel eiectrophorests. 

„ , , i •„ phs and was used lo coat 96-well plates. One 
Fc-FceRICt was diluted to 0.4 ug/ml m PBS and was use 

V . ■ ■ -„^v, r,f the- wells were blocked with 200 uU ot 

Tween-201 The non-specific binding sues m each of the wells wer 

Tween20). se rum) at 37° C for 2 hr. The plates 

blocking buffer (PBS contammg 1% of BSA and 1. 0 ^ 
W erethenwashed4tirneswithPBSArandstoredfrozenat-20 C P 

room temperature just before use. 

IgE W as biotinylated as follows. Ten microliters of a ,0 mg/nu sulfosuccrmrdy! 6- 

, , ,PWce Rockford IL) in dimethylsulphoxide was added to 1 ml of 1 
^otmamidoVhexanoVate (Pterce. Ro ^ ) ^ ^ 

^ Ig B in sodium bicarbonate « " hydrocll!oride , pH 8 and te 

te biotinylation was terminated by the addmon of 25 ul of 2M 
resulting biotinylated IgE was dialled against PBS: 

■ ^fTrrP FrpRla blading as follows, using 

Compounds were screened for inhibition of IgE-FceRUx g 

Lompu . . i t a Trrp and ?\ romoound X was made in 

Compound X as an example. A solution of .fie b.ottnylated IgB and a Compot n 

20 was 10 ug/ml. One inc „ ba tion. the plate was 

which had been previously coated w.th Fc-FceRta. After 

tld with PBS^ four times, and 100 „ of the solution of avidin-ho— P— e 
; A "in.HRP,Mo,ecularProbel„c.. Eugene. OR, a, 0. 25 ug-mi in PBS. was added toeachwc, 
Til ,o„a. one hour incubauon at room temperature, the p.ate was agatn washed fou 

with PBSn The rcacon with Avidin-HRP was developed by the add.tton of 100 u, o, K- 
35 umeswtthPBSn. ,„„ KyUo eacn well . After an mcubalion at room temperature 

MuelElisa Technologies, Lexington. K\> to eacnw 

TlL-es the reaction was stopped by the addition of 100 al of stopping solut.on (E, a 
kinetic microplate reader (Molecular Devices. Menlo Park, CA). 


15 
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Compounds that inhibited IgE-FceRI binding by greater than approximately 80% in the 
initial ELISA were selected. Potencies of the selected compounds to inhibit IgE-FceRI binding 
were measured at different compound concentrations to determine their IC 50 values. It should* 
realized that a combination of two or more tetracyclic compounds of this invention may provide 
the appropriate activity as described herein. Table 2 shows the percent inhibitions at 10 ug/ml 
and the IC 50 of tetracyclic compounds identified in this invention, as well as other related 
compounds having the formulae: 



Compound 1 




C0 2 CH 2 CH 3 
Br 


NaO y "O' 

Br Br 
Compound 3 




C0 2 CH 2 CH 3 
Br 


ko' y ^cr 

Br Br 
Compound 4 


NaO 



Compound 5 



OH OH 

Compound 6 
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NaO Y ° T ° i H OH 

Br Br ; and ^ 

Compound 8 

Compound 7 

The compounds are listed according to the numerical designation described above. 
Table 2. Inhibition of IgE/FcE&I Binding in Protein-based Assay 


10 


15 



aarnpjej, aMaselUF-FrfPIPindinP Assay 

Compounds initially identif.ed as antagonists for IS MI binding by the protein-based 
EL1SA assay (see Example 1) were tested again in a ceil-based b.nding assay using human FceRl 
rransfected rat basophil leukemia cell line, SX3S. The celi culture was Itep. ,n min_n„a, 
medrum w.th Earle's sa,t (EMEM, G,BCO BRL. Ufe Technologies, in the presence o ,6.7 % 
t « 1 ca 1 fseru m (FCS,,2mML-glu.a J nine(OIBCOBRL,LifeTechno.o 6 ies,, lOOumt/m, 

pe„ici.lin.(GBCOBRL,Life Technolog.es,, 100 ug/ml streptomycin (GIBCO BRL, Life 
Technologies,, and 1 mg/tn, G418. About ceHs in 50 ,1 of medrum were see ded in me 
w£lls of96-wel,n, bottom piates. After an overnight culture, plates were washed with PBS 
1 ,d used in the foUowing step, using Compound X as an example. A solutton of b,o„ny,a, d 
,.B and Compound X were made in PBS so that the f.nal concentrate of IgE was , ,g,m> and 
L of Compound X was ,0 ,g/ml. Forty microliters of this solution was apphed ,0 each we 
mi incubated a, room temperature for two hours. The plates were washed three ttmes w.th PBS. 
a „d 40 u. of avidin-horseradish peroxtdase. a, 1 ug/ml in PBS. was added ,0 each weU. After an 
additional hour of incubation at room temperature, the P„e was agatn washed three umes w,th 
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PBS. The subsequent steps for the measurement of the bound IgE were performed as described 
in the protein-based IgE-FceRI binding assay. Table 3 shows the IC 50 of the selected tetracyclic 
compounds identified in this invention and their percentage inhibition in the cell-based-assay at 10 
u,g/ml. 

Table 3. Inhibition of IgE-FeRI Binding in Cell-based Assay 


Compound 

% Inhibition at 10 (ig/ml 

IC™ Cue/ml) 

1 

46 

11.7 

2 

62 i 

5.5 

4 

93 

3.6 

7 

84 

4.4 


anaphylaxis fPCA^l mrvtet 


in 


as 


The tetracyclic compounds that antagonized the IgE and FceRIa interaction identified . 
the protein-based assay were further evaluated in the rat PCA model (Haak-Frendscho et al J 
Immunol., 151: 351-358, 1993). This rat model was intended to demonstrate that the identified 
class of tetracyclic compounds will inhibit the binding between IgE and FceRI in living animals, 
evidenced by reduced anaphylaxis in the rat skin. Mouse anti-dinitrophenvl IgE (Sigma 
Immunochemicals, St. Louis, MO) is a Afunctional antibody which binds 'to Litrpphenyl as well 
as FceRI. Exposure of anti-dinitrophenyl-IgE to dinitrophenyl-albumin causes aggregation of the 
antibody and induces the IgE mediated immune response. A concentration of 0.03 ug/ml mouse 
anti-dinitrophenyl-IgE in PBS was mixed with individual tetracyclic compounds at different 
concentrations. Fifty microliters of these solutions were injected into the skin of the shaved back 
of Sprague Dawley rats (Taconic, Germantown, NY). As a positive control, the same amount of 
anti-dinitrophenyl-IgE in the absence of a tetracyclic compound was injected into the skin of the 
same rat at a different site. After a period of two hours the sensitized rats were challenged with 
an intravenous injection of 1 mg/ml of dinitrophenyl-human albumin (Sigma Immunochemicals, 
St. Louis, MO) in 1% Evan's blue dye. Thirty minutes later, the rats were killed and skinned. ' 
Percent inhibition was calculated by the reduction of blue dye at the tetracyclic compound treated 
injection sites versus the positive control sites. An example of the inhibitory effect of compound 1 
is shown in Table 4. 


Table 4. Percent Inhibition of PCA Reaction by Compound 1 . 
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rrmr.entration (UR/ml) 

% Inhibition 

1 

100% 
66% 

0.5 
0.25 

5% 


Table 5. Inhibition of anaphylaxis in the rat PCA model 


Compound 


1 

0.46 

2 

1.10 


4 

2.90 


10 


15 


^ ^,,^^^1^ ^ i n ni.-' i"n in wwk pca mods ) 

The compounds that have activity in the i» sUu PCA model were tested in the systemic 
PCA model. This mode, measures usefulness of a tetracyclic compound for blocking PCA in rats 
when the tetracyclic compound is altered systemically and the rats were sensitized wtth IgE 
„ the skirt, in this example, compound 1 was administered f.rs. into the rats by mtravenous 0-V.) 
section, and immediately thereafter 0.03 ,g/ml of anti-dinitrophenyl/IgE was injected into the 
skin of the shaved back of Sprague Dawley rats. After a sensitization period of 1 hr. the 
sensitized rats were changed with an intravenous injection of 1 mg/ml ofdinitropheny, human 
albumin in 1% Evan, blue dye. Th,rty minutes late, the rats were killed ^ skinned. As a 
positive control, PBS, lacking a tetracyclic compound, was administered by ..V. inject.on ,n,o 
Sprague Dawley rats, and the rats were treated in the same manner as the test rats. Percent 
inhibition of PCA obtamed ,n this model is calculated by determining the reduction of blue dye 
extracted from the tetracyci.e compound treated rats compared to the pos,.ive control rats. The 
dose dependent inhibition of PCA by compound 1 in this model is shown in Table 6. 
Table 6. PCA Inhibition of Compound 1 in Systemic PCA Model 


Cone, (mg/kg) J 

% Inhibition 

47 

2.0% 

70 

64.0% 

94 

I _ 104.0% ■ ! 

114 

102.0% 


20 


gxamrMei, Toxicity StudiesjnMicg 

^potential toxic side effects following systemic administration was ungated by 
admi nistenn g compound 1 in PBS to mice in single I.V. injection. The data is shown in Tab, 7. 
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Table 7. Systemic Toxicity of Tetracyclic Compounds 


Compound 


.Dose (mg/k g) 


400 


No. of Mice 


Route 


I.V. 


No. of Death 


0 


-L&51L 


' 400 mg/kg 


The phannacokinetic (PK) profile of the compounds following systemic I V iniectio 
measured. Compound ! was formulated in PBS and g iven to a rat at 10 mg /k g Bloochl " 

r:: u r e ~ 

Table 8. Pharmacokinetic Profile of Compound 1 


Time (minute) 


15 


30 


60 


120 


240 


Concentration (Us/ml) 


83 


2.51 


0.902 


0.72 


0.625 


0.512 


%W>kT HexosaminirW P H ^. r V7Q _ 

Tetracyclic Compounds that antagonized the IgE and FceRIa interaction identified in the 
™ed assay ^c^^^^ — fa ^««- 

basoph, leukem, cells (RBL cells, This assay is intended to demonstrate that the dent^e lass 
oetracychc compounds will ^W^^^^^^ 
cells, as evidenced by reduced levels of hexosaminidase which is released concurrently w.th 

plate and were incubated overnight at 37X. A mixture of biotinylated mouse I gE (100 u, of 
0. 12, , g /ml) and a tetracycHc compound, e.g. compound 2, in medium was added to each well 
and was incubated for 1 hour at ^l°r ti-^ ,.„n 

at n C. The cells were then washed twice with tri-erin* hnffY-r 

s,rep,av,d ^ b * r •» *» ^ - -» «* w„ c incubattd for an addiliona ^ 

s U per„ at a„, „ harVMIed on ta and ^ ^ ^ ^ ^ ^ ^ 
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w „ a^o. of aoo U1 *10> RBL ceUs we* ^ w ilh 100 * of 0.» T rt ,on 

, lf , in the release of a reduced level of allergy mediators. The release of 
tetracyclic compound results in the release uia> 

T„e concent of he— dase was oe— by * s 

Isl. P*AO Cp-n^N-ace^p-D—oase . S*» — Co, » c«* 

buffer (pH 4.5) at 37°C for 1 hr. 

t inhihition of IaE mediated release of hexosaminidase by 
Table 9 shows the percent inhibition 01 igc 

compound 2 at several concentrations. 
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TabJe 9. 


Percent Inhibition of IgE Mediated Hexosaminidase Release by Compound 2 


Example 8. 


Concentration (u.g/ml) 

% Inhibition 

0.1 

11% 

0.62 

19% 

1.25 

75% 

2.5 

96% 

5 

94% 

In vitro diagnostic for FceRI antibodies 


The presence of an antibody of the IgG class to the receptor FceRI a, an anti-FceRI a 
antibody, may be responsible for chronic urticaria. The detection of anti-FceRI a antibodies from 
a fluid sample will allow the identification of persons who are predisposed to allergy. 

Recombinant mouse Fc- human FceRI a is used to coat 96 well plates, and non-specific 
binding sites are blocked, as described above in example 1. A serum sample is taken from an 
individual and is tested for presence of antibody directed against FceRI a as follows. Successive 
dilutions of the serum sample are made in PBS so that a range of potential antibody 
concentrations may be tested. A tetracyclic compound is.added to a parallel series of dilutions of 
the serum sample at a concentration which has been previously determined to inhibit 100% of IgE 
binding to the receptor. One hundred microliters of the sample solution either with or without 
tetracyclic compound are added to the wells of the 96 well plate which has previously been coated 
with Fc-FceRI a. After a one-hour incubation, the plate is washed with PBS/T four times, and 
100 u.1 of solution containing horseradish peroxidase-labeled antibody against the human Fc 
region, the heavy chain constant region or the light chain constant region is added (Jackson 
Immuno Research Laboratories Inc., West Grove, PA). Anti-human constant region antibodies 
labeled with other suitable labels, such as color labels, fluorescence labels or radioactive labels, 
may also be used. After an additional one hour incubation at room temperature, the plate is again 
washed four times with PBS/T. The reaction with horseradish peroxidase is developed by the 
addition of 100 ul of K-blue to each well. After an incubation at room temperature for 10 
minutes, the reaction is stopped by the addition of 100 ul of stopping solution to each well. The 
absorption at 650 nm is read. 

Samples containing antibody against the IgE binding site of FceRI a will be determined by 
the blue staining of the wells in the absence of tetracyclic compound and the lack of blue stainins 
of the well in the presence of tetracyclic compound. Sample which do not contain antibodies 
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against FceRI a will be determined by the lack of blue staining in both the presence and absence 
of tetracyclic compound. Samples containing antibodies against FceRIa which do not bind at the 
IgE binding site will be determined by the presence of blue staining in the wells in both the 
presence and absence of tetracyclic compound. 

Other embodiments of the invention will be apparent to those skilled in the art 
from a consideration of this specification or practice of the invention herein disclosed. 
It is intended that the specification be construed as exemplary only, with the true scope 
and spirit of the invention represented by the following claims. 
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CLAIMS 

11. A pharmaceutical composition for antagonizing the interaction between IgE and FceRI. 

2 said composition comprising a pharmaceutically acceptable carrier and a IgE antagonizing amount 

3 of a compound having the formula: 


4 

5 
6 
7 


9 



wherein the atom or group represented by each of R 1 , R 2 , R-\ R 4 , r*, and R * is thg sam£ Qr 
different and is independently selected from the group consisting of hydrogen, hydroxyl, nitro, 
cyano, isothiocyano, a halogen, a sulfo group, a phospho group, an alkyl group having 1 to 6 
carbon atoms, an alkoxy group having 1 to 6 carbon atoms, an aryl group, a heteroaryl group, an 
alkoxycarbonyl group having 1 to 6 carbon atoms, a carboxy group, an alkylcarbonyl group 
10 having 1 to 6 carbon atoms, an arylcarbonyl group, an aminocarbonyl group, an 

alkylaminocarbonyl group having 1 to 6 carbon atoms, an arylaminocarbonyl group, a 
heteroarylaminocarbonyl group, an acylamino group, an alkylamino group having 1 to 6 carbon 
atoms, a dialkylamino group, an arylamino group, an alkylurea group having 1 to 6 carbon atoms, 
an arylurea group, an alkylsulfonyl group having 1 to 6 carbons atoms, an arylsulfonyl group, an 

15 alkylsulfonylamino group having 1 to 6 carbon atoms, an arylsulfonylamino group and where 

16 appropriate, pharmaceutically acceptable salts thereof; 

1 7 R 7 is hydrogen, a pharmaceutically acceptable metal ion, an arylcarbonyl group or an 

18 alkylcarbonyl group having 1 to 6 carbon atoms; 

iv X is O, S or NR 9 , wherein R 9 is hydrogen or an alky] group having 1 to 6 carbon atoms: 

20 and 

21 rS is an aryl group or a heteroaryl group. 

1 2. The compound of claim 1 wherein X is oxygen. 

13. The compound of claim 1 wherein the atom represented by R 2 and R 6 is hydrogen; 

2 the atom or group represented by each of R 1 , R\ R 4 an d R 5 is independently selected from 

3 the group consisting of hydrogen, hydroxyl, nitro, cyano and a halogen; and 
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R 7 is hydrogen or a pharmaceutically acceptable metal ion. 

4. The composition of claim 1 wherein the pharmaceutically acceptable carrier is for oral, 
parenteral or topical administration. 

5 . The compound of claim 1 wherein R s has the formula: 

R 12 

R 1J 



wherein the atom or group represented by each of R 10 , R", R 12 , R 13 and R 14 is the same or 
different and is independently selected from the group consisting of hydrogen, a halogen, 
hydroxyl, nitro, cyano, isothiocyano, an alkyl group having 1 to 6 carbon atoms, an 
alkoxycarbonyl group having 1 to 6 carbon atoms, an aryloxycarbonyl group, a carboxy group, a 
sulfo group, a phospho group, an alkylcarbonyl group having 1 to 6 carbon atoms, an 
arylcarbonyl group, an alkylsulfonyl group having 1 to 6 carbon atoms, an arylsulfonyl group, a 
sulfamoyl group, an alkylsulfamoyl group having 1 to 6 carbon atoms, an arylsulfamoyl group, an 
acylamino group having 1 to 6 carbon atoms and where appropriate, pharmaceutically acceptable 
salts thereof. 

6. The compound of claim 5 wherein the atom represented by R 2 and R 6 is hydrogen . 

7. The compound of claim 5 wherein the atom or group represented by each of R 1 , R'\ R 4 
and R s is independently selected from the group consisting of hydrogen, hydroxyl, nitro, cyano 
and a halogen. 

The compound of claim 5 wherein R 7 is hydrogen or a pharmaceutically acceptable metal 


8. 
ion 


9. The compound of claim 5 wherein R 10 is -COjR 15 , 

wherein R 15 is hydrogen, a linear or branched alkyl group, an aryl group, a heteroaryl 
group or a pharmaceutically acceptable metal ion. 

10. The compound of claim 5 wherein the atom or group represented by each of R", R 12 , R 13 
and R 14 is independently selected from the group consisting of hydrogen, isothiocyano, a halogen, 
a carboxylic ester, a carboxylic acid and pharmaceutically acceptable salts thereof. 
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11. The compound of claim 5 wherein the atom represented by R 2 and R 6 is hydrogen; 

the atom or group represented by each of R 1 , R\ R' 1 and R s is independently selected from 
the group consisting of hydrogen, hydroxyl, nitro, cyano and a halogen; 

R 7 is hydrogen or a pharmaceutical!)' acceptable metal ion; 

R 10 is -C0 2 R 15 , wherein R 15 is hydrogen, a linear or branched alkyl group, an aryl group, 
or a pharmaceutically acceptable metal ion; and 

the atom or group represented by each of R". R 12 , r» an d R M is the same or different and 
is selected from the group consisting of hydrogen, isothiocyano, a halogen, a carboxylic ester, a 
carboxylic acid and pharmaceutically acceptable salts thereof. 

12. The compound of claim 1 1 wherein R 1 and R 5 are the same and R 5 and R 4 are the same. 

13. The compound of claim 12 wherein the atom or group represented by each of R 11 , R 12 , R 13 
and R 14 is the same or different and is hydrogen or a halogen. 

14. The compound of claim 1 1 wherein R 1 , R : \ R 4 and R 5 are the same. 

15. The compound of claim 1 having the formula: 

CI 



16. The compound of claim 1 having the formula: 



C0 2 Na 
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17. The compound of claim 1 having the formula: 

CI 



CO2CH2CH3 
Br 


18. The compound of claim 1 having the formula: 



CO2CH2CH3 
Br 



19. 


Br Br 

The compound of claim 1 having the formula: 



NaO 


20. The compound of claim 1 having the formula: 

CI 



WO 97/40033 


PCT/US97/06636 


33 


1 . The compound of claim 1 having the formula: 



The compound of claim 1 having the formula: 



The compound of claim 1 having the formula: 
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1 24. The compound of claim 1 having the formula: 


Br. 
NaO' 



CI 


Ck 

6 

^Cl 

cr 


^C0 2 Na 



^Y Br 




Br 


Br 


25. The compound of claim 1 having the formula: 


NaO" O 
1 26. The compound of claim 1 having the formula: 



CO2CH2CH2CH3 
1 



2 

1 27. 


NaO' y X>" J 'O 
N0 2 N0 2 
The compound of claim 1 having the formula: 

CI 

CI^X^CI 

CO2CH3 



NaO' ^ 'O' ^ 
^ 28. The compound of claim 1 having the formula: 
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30. 


NaO 



1 29. The compound of claim 1 having the formula: 


C0 2 Na 



NaO 

OH , OH 

The compound of claim 1 having the formula: 



CO2CH2CH2CH3 
CI 


1 31. The compound of claim 1 wherein R 8 has the formula: 



wherein the atom or group represented by each of R". R 12 , R 1 "' and R u is the same or 
different and is independently selected from the group consisting of hydrogen, a halogen, 
hydroxyl, nitro, cyano, isothiocyano, an alkyl group having 1 to 6 carbon atoms, an 
alkoxycarbonyl group having 1 to 6 carbon atoms, an aryloxycarbonyl group, a carboxy group, a 
sulfo group, a phospho group, an alkylcarbonyl group having 1 to 6 carbon atoms, an 
arylcarbonyl group, an alkylsulfonyl group having 1 to 6 carbon atoms, an arylsulfonyl group, a 


0 
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9 sulfamoyl group, an alkylsulfamoyl group having 1 to 6 carbon atoms, an arylsulfamoyl group, an 

10 acylamino group having 1 to 6 carbon atoms and where appropriate, pharmaceutically acceptable 

1 1 salts thereof. 

l 32. The compound of claim 31 wherein the atom represented by R 2 and R 6 is hydrogen. 

1 33 . The compound of claim 3 1 wherein the atom or group represented by each of R 1 , R 3 , R 4 

2 and R 5 is independently selected from the group consisting of hydrogen, hydroxyl, nitro, cyano 

3 and a halogen. 

1 34. The compound of claim 3 1 wherein R 7 is hydrogen or a pharmaceutically acceptable metal 

2 ion. 

l 35. The compound of claim 31 wherein the atom or group represented by each of R 11 , R 12 , R 13 
and R 14 is independently selected from the group consisting of hydrogen, a halogen, a carboxylic 
ester, a carboxylic acid and pharmaceutically acceptable salts thereof. 

36. The compound of claim 35 wherein R 1 1 or R 14 is -C0 2 R 15 , 
wherein R 13 is hydrogen, a linear or branched alkyl group, an aryl group, or a 

pharmaceutically acceptable metal ion. 

37. The compound of claim 3 1 wherein the atom represented by R 3 and R 6 is hydrogen; 
the atom or group represented by each of R 1 , R 3 , R 4 and R 5 is independently selected from 

3 the group consisting of hydrogen, hydroxyl, nitro, cyano and a halogen; 

4 R 7 is hydrogen or a pharmaceutically acceptable metal ion; and 

5 the atom or group represented by each of R 1 \ R 12 , R 13 and R 14 is the same or different and 

6 is selected from the group consisting of hydrogen, a halogen, a carboxylic ester, a carboxylic acid 

7 and pharmaceutically acceptable salts thereof. 
1 38. The compound of claim 3 1 having the formula: 


H3CH2CH2CH2CO2' 


NaO 
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The compound of claim 31 having the formula: 


C0 2 Na 


NaO 



A method of antagonizing the interaction between IgE and FceRI on a surface of a cell 

2 comprising the step of contacting the cell with an IgE antagonizing 

3 the formula. 


amount of a compound having 


19 
20 



4 . 

5 wherein the atom or group represented by each of R 1 , R 2 , R\ r\ r\ and R 6 is the same Qf 

6 different and is independently selected from the group consisting of hydrogen, hydroxyl, nitro 

7 cyano, isothiocyano, a halogen, a sulfo group, a phospho group, an alky] group having 1 to 6 ' 

8 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, an aryl group, a heteroaryl group an 

9 alkoxycarbonyl group having 1 to 6 carbon atoms, a carboxy group, an alkylcarbonyl group ' 

10 having 1 to 6 carbon atoms, an arylcarbonyl group, an aminocarbonyl group, an 

1 1 alkylaminocarbonyl group having 1 to 6 carbon atoms, an arylaminocarbonyl group, a 

12 heteroarylaminocarbonyl group, an acylamino group, an alkylamino group having I to 6 carbon 

13 atoms, a dialkylamino group, an arylamino group, an alkylurea group having 1 to 6 carbon atoms 

14 an arylurea group, an alkylsulfonyl group having 1 to 6 carbons atoms, an arylsulfonyl group, an ' 

15 alkylsulfonylamino group having 1 to 6 carbon atoms, an arylsulfonylamino group and salts ' 

1 6 thereof; 

17 R 7 is hydrogen, a pharmaceutical^ acceptable metal ion, an arylcarbonyl group or an 

1 8 alkylcarbonyl group having 1 to 6 carbon atoms; 


and 


X is O. S or NR» wherein R» is hydrogen or an alkyl group having 1 lo 6 carbon atoms; 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
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R 8 is an aryl group or a heteroaryi group. 

41. The method of claim 40 wherein said cell comprises a population of cells in a sample 
derived from a mammal. 

42. The method of claim 40 wherein said contacting step comprises administering said 
compound to a cell within a mammal. 

43. The method of claim 42 comprising administering an amount of compound sufficient to 
inhibit induction of anaphylactic reactions. 

44. The method of claim 42 comprising administering an amount of compound sufficient to 
inhibit release of allergy mediators. 

45. The method of claim 42 wherein said administration step is conducted parenteral^, 
topically or orally. 

46. A method of determining the presence in a sample of antibodies which specifically bind to 
the receptor FceRIoc, comprising the steps of : 

a) mixing an aliquot of said sample with said receptor and with a labelled antibody which 
specifically binds to an Fc region, in both the presence and absence of a tetracyclic 
compound of claim 1 , 

b) measuring the quantity of labelled antibody bound to the receptor, and 

c) comparing the quantity of labelled antibody bound in the presence and absence of said 
tetracyclic compound, wherein an amount of labelled antibody bound in the presence of 
the compound less than the amount bound in the absence of the compound is indicative of 
the presence of antibodies which specifically bind to the receptor in the sample. 
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